Research and Technology Department
Dynamics and Diagnostics Division, Static High-Pressure Group
Overall Research Objectives
To study energetic materials of interest to the Navy/DoD at the high-pressure and high-temperature of detonation.
• To study the initiation mechanism of detonation • To learn the phase, lattice, and molecular symmetry, and measure theoretical maximum density (TMD) of a material at high pressure and temperature just before initiation 
Impact of this Basic Research
• This research generates phase and density data essential for deciding if a new material could be used in a weapon
• The relevant data and thermodynamic parameters for each material is presented and published to enhance predictive modeling and simulation software.
• 
Experimental Methodology
Use Diamond Anvil Cells (DAC) with coil Heaters (HDAC) to achieve
• High pressures (P) to 10 GPa (100 kbars)
• High temperatures (T) to 300°C (up to 1000 °C possible under Argon)
• Any P, T in that range HDAC bolts sample diamond gasket Angle-Dispersive X-ray Diffraction Previous study by Yoo and Cynn (LLNL) Bulk Modulus: 14.4 GPa Derivative: 13.3 *non-hydrostatic using 7 data points to 10GPa*
• We have a lot more (26) lower-pressure data.
• Also our data is on RDX-free HMX.
• Our V 0 = 518 Å 3 as published in ICDD. • The ambient pressure Rhombohedral (R-3) lattice is stable to 3.4 GPa, the highest pressure achieved in study.
• Decompression returns the ambient pressure structure with lower density! A view down the c axis showing the packing of HNFX. Empty channels occur along the 3-fold axes at (0,0,z), a corner of the cell, and at ( 1/3, 2/3, z) and ( 2/3, 1/3, z) within the cell. 
2-circle diffractometer
• Obtained data for RDX at 1 GPa. We have exact atom positions for this material at this pressure. We can compute exact bond lengths and bond angles at pressure and temperature from such data.
• Previously published phase transition of RDX at 3.5 GPa to a high-pressure phase.
• We intend to find the lattice symmetry of this high pressure and identify that phase. Birch-Murnaghan : 3rd order K 0 = 17.9 ± 1.4 GPa K 0 ' = 6.6 ± 4.2
• Above 1.1 GPa, the "b" axis (inter layer) compresses faster than the "a" or "c".
• Anisotropic compression but no change in lattice symmetry Latest results indicate a phase transition in FOX-7 at above 5 GPa, at room temperature -the data is not yet analyzed completely. • We are just beginning to understand the effect of high P and T. These effects will be greater as P and T approach that of detonation.
• Experimental and ab-initio EOS and lattice symmetry studies for HMX, HNNX and HNFX show a phase transition in HNNX, with HNFX being extremely compressible.
• Ab-initio calculations show that accuracy for molecules more complex than HMX require less assumptions
• FOX-7 experiments show anisotropic compression with a discontinuous change at about 1.1 GPa. Other vibrational mode shifts show increased H-bonding. Symmetry changes above 5 GPa are being investigated.
• Ab-initio calculations with optimized bonds do result in better fits to real data 
